The cellular energy crisis: mitochondria and cell death.
Exploding nuclear reactors, environmental destruction, and global warming; the danger of energy production is clear. It is quite remarkable that in this modern age, where power usage is at a premium, we find that even on a cellular level, generation of large quantities of power comes at a cost. Mitochondria, which produce the majority of cellular energy in the form of ATP, have recently been shown to play an essential role in the death of a cell by a process known as apoptosis. During apoptosis, the integrity of mitochondria is compromised and various pro-apoptotic proteins are released into the cytoplasm. This results in activation of caspases, proteases that orchestrate the death of the cell. Cells in which apoptosis is inhibited upstream of mitochondria generally maintain the potential to proliferate, whereas inhibition of caspases downstream of mitochondria generally only delays cell death. Although breaches of the mitochondrial outer membrane result in the release of proteins that are important for respiration, mitochondria appear capable of maintaining at least some of their functions, including ATP production, even after this event. This has important implications both for the mechanism of outer-membrane permeabilization and the mechanism by which the cells eventually die in the absence of caspase activity. The events surrounding the breach of the mitochondrial outer membrane during apoptosis have therefore received much interest over the past few years.